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Abstract

This study was conducted to verify the physiological activity of heat-killed Enterococcus
faecalis EF-2001 probiotics in fermented milk. The anti-inflammatory effects of fermented
milk supplemented with different concentrations (0, 100, and 500 ug/ml) of £ faecalis
EF-2001 were determined using MTT assay and nitric oxide inhibition assay. The MTT assay
was performed using RAW 264.7 cells. Results revealed that the rates of cytotoxicity and
cell survival decreased significantly with increase in the concentration of heat-killed
probiotics (p<0.05). Moreover, fermented milk supplemented with 100 ug/mL EF-2001
(EFM1) and the fermented milk supplemented with 500 ug/mL EF-2001 (EFM2) exhibited
higher nitric oxide inhibition than normal fermented milk (NFM). Additionally, EFM2 signi-
ficantly reduced the ratio of prostaglandin E, compared to NFM (p<0.05). In conclusion,
the treatment sample showed higher anti-inflammatory activity than NFM. The findings of
this study could be used as a basic guideline for manufacturing of NFM supplemented with
heat-killed probiotics.

Keywords

fermented milk, lactic acid bacteria, heat-killed probiotics, anti-inflammatory

ME

201751 o] tighil=2 APARRlo] JPgtol wet Aol et F84d0] At S7Iste] A73A
”“Oﬂ gt ’\H]X}——J o] =ohl 0‘3‘1 R4 5ol wE AT Hsle} wgdete] St
o e lﬁo}zh—l A ol wet At
Qo] et 877} 2

%7}0]—"’ 0‘]:]— . 0]01] E]—Eq- Aol v A 59l rob1ot1cs@r 1 FFEQI prebiotics7t
SHEAA synbiotics7t FE glon, Baf= 7 47 4T 4 = dHEHQ synbiotics
% Sz 2R 9lo] B AT FGHL e FAOITH3] MEG AV ol 73]
AAEIT Qe 9olst 2R o g 97 AL O3t 7154 WSl 71 34 ARSk Qitk olFo]
R85t mgHlo] g -?r’ﬂ'ﬂ*o— ol &% WAF ARFY ANLE Fa7 AT FAlolH, T 71543

_1

rlo
j
l'r
we,
R
i&
o,
2
O
> %
o
=2
=
ol
>
Eﬂ
N
Ir
g
>,
i
3
=
o>
n{m
c

r

o o ook
O_>L
(¢]
o, -
Ho
%
ﬂ
Jj
X
Z
é_‘-:

o] FoH4]. Yaf= AR o fARE Z80 7 Qs AR Iactic acid, peptone, peptides,
oligosaccharides ‘6‘-‘4’ FARE AAY] B50] o] FITHoE S-FHTE 45Ht5].
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FZoll= ARt At ofyzt, AR Faket tAMEES] in vivo, in vitro B 28715
o] T35t A7} o]FEojX| 1 glom, AFEA|7} Hlo] folslal o]go] Halsith= A7t UTHE).
A Fuhe) SARE AR 91l la] AT} ST ARl ARAE AGE YR oY
Shal, Gt AE2 vIESto] 771545 Aok 5 A8 M7 WolAaL IeHTL. @A ikt
AAl 5 1 g7 72 539 MY sARFS 2= Enrerococcus faecalis EF-2001-2 AFAAT-E
5ol deidl F8 o w FASAE AAAAEE 0] 2 FEIH WY F2RE8], A58
gt 7H’H[9 THASSAE(10], ASYED(11], ofEy] 3FIRA(12] 5 Tt e AId

A57F Harg Bp Qlok
A ] 5501t o) A0 Cls) BAEI IAAF] Shel Aol Ol A9k A
I

il

Egf A7t A5 fdota, Aol v7HY @ HHS 4oy, 4SS Hofshs Az thAlA
I HTHA|E, A Al 5o Jlon, dF AR A5 wil AT R3] FFEEEol
dojg Al ofg] 7HA] AT QIAFEC] ”]'EOVM] =], ¥% A= inducible nitric oxide
synthase(iNOS)o]l 9J3]] ¥FS0X|&= nitric oxide(NO)2} cyclooxygenase2(COX-2)0] SJ3iA Tt
S0 prostaglandin Ex(PGEp) °] 3o, olZgt dF e AFHHEY HARIAKI
nuclear factor-¢B(NF-xB)E E43ls 1 232 715F9] NO PGE,E AJAdste] 945 4ol
ohal Haixo] QltH14].

Choi §1612 EF-2001 €A ARFAIE RAW 264.7 cell& o]-&al £A} 714& 45t A,
TES 8BS 7K AZ ERIsIG, A% A% AR §-80] E&d & Stk Hagk H} AL

@A ol ARFAIE F71eE AlEold 9ofE 52 TlE A AT ARFAE HaERel A
7¥ste] oo tigt 7573 H7IRE = ofd] B HE gl o]§ EHE & ﬂ:ﬂ*— I a2 Rl
Enterococcus faecalis EF-2001 f4ht ARFAIE 7161902 Al HaG 2 fANE ARl &4
< 2Pt AGE=A] T AFE starAt AAsHT

RIS

HEG ARE UEA AHAE-FEEXT, Korea)? BAEHAE-FEEET, Korea)S
THfsto] ARSI ARl H7ISKe starter ¥ SAUZRE ] e FANECE Lacrobacillus
acidophilus and Bifidobacterium animalis ssp. 5 Y58t Lactobacillus delbrueckii ssp.
bulgaricus®} Streptococcus thermophilus 0] &89 Lyofast YAB 450 AB(Sacco srl.,
Italy) AlE-S Flfoto] ARESIGILE 1 g7 7% 5719 7h9] FAkdto] E01%)= Enterococcus faecalis
EF-2001(Nihon Berumu, Japan)< 52 AX FEHZ A2E AES ARSI ol @a-fol
A7t GAE AAlolth SAMF AL EE 20T R deep freezero] Yol EHSIHTH

1. Y8R9 Hx
URF0 2442 Table 13} ZoH, T8RO A 3L Fig. 13 2ok I8RO 74 13&
< 12%2 9= “Hﬂ‘ﬂloﬂ U= stater T ARFAIE LSt BE YEE S T, 95CoA 102
ZF ARSI 1 % 37C R Yaste] SAAZR SARF Lyofast YAB 450 AB(Sacco stl., Italy)E
0.002%w/v)9] Brz2 HZEL 319t AdFol= Enterococcus faecalis EF-2001(Nihon
Berumu, Japan)}& 712 A7ksto] HEH0R =7 100 pg/mL, 500 pg/ml7t HEE FFo
gtk A% 3 incubatorollA 37CE 12A7kS wioFst L, @ A4=% sample2 YA T4 4T
Lrg 797 B & 20T %9 deep freezeroA] E#slo] Ao ARSI
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Table 1. Experimental design of fermented milk

Ingredient Group
NFM EFM1 EFM2
Fermentation temperature 37C 37C 37C
Milk (mL) 95.95 95.95 95.95
Skim milk powder (g) 4.05 4.05 4.05
Starter (mg) 3 3 3
EF-2001 (mg) - 10 50

NFM, normal fermented milk; EFM1, fermented milk added with 100 pg/mL concentration of EF-2001;
EFM2, fermented milk added with 500 pg/mL concentration of EF-2001; Starter, Lyofast YAB 450 AB
(Streptococcus thermophilus, Lactobacillus delbrueckii ssp. bulgaricus, Lactobacillus acidophilus and
Bifidobacterium animalis ssp); EF-2001; Enterococcus faecails EF-2001.

l Milk (95.95 mL) I

l

L d

[ Skim milk powder (4.05 g) ]

Lo

| Pasteurization (95°C , 10 min) |

l Cooling (37°C) |
| Add starter of 0,002% (w V) ]

e ! ~
I Y
. - " Add EF-2001 of 100 pg/mL Add EF-2001 of 500 pg/mL
Incubation at 37°C until 12hours . - . .
Concentration Concentration
NFMY EFM12 EFM2"

~a , &

| Cooling (4°C) |

Fig. 1. Manufacturing procedure of fermented milk.

2. AF g4 M

B o) RAW 264.7 cell(American Type Culture Collection, USA)& 2o} ARSaI3
ot NlZuiRE Yol fetal bovine serum(Sigma-Aldrich, USA)# penicillin-streptomycin
(Sigma-Aldrich, USAY& 333t Dulbecco’s modified Eagle’s medium(DMEM HiA], Sigma-
Aldrich, USA¥S ARESISITE 35 BaE782 o) A== 2 NO A=l B a3t lipopoly-
saccarides(LPS, Sigma-Aldrich, USA)2} 3-[4,5-dimethyl thiazole-2-yl]-2,5-diphenyl tet-
razolium bromide(MTT, Sigma-Aldrich, USA) ¥ dimethylsulfoxide(DMSO, Sigma-Aldrich,

USA)o] AREE|SIEt. PGE; 57800 ELIAS kit(R&D Systems, USA)7}F ARE-E| 31Tt

1) MIZH{QE

ofQA AN ES] RAW 264.7 cell2 American Type Culture Collection(Manassas,
USAAtollA] Eokiolket. iAldio] Htwlo] 9l RAW 264.7 cell stocke AMEG}o] cell:& ¥
3FH.0H, 10% fetal bovine serum(FBS), 1% penicillin/streptomycin(Sigma-Aldrich, USA)S
k3t Dulbecco’s modified Eagle’'s medium(DMEM) iAo 37C, 5% CO, A 44514,
HjF7|(HERAcell 150, Thermo Electron Corp., USA)OIA B8ttt MEAT-S YA A|x
O] Al 80%-90% HE=o] W= A7} Ak o] Al Ao, Athulet Al
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passages 742 203] o[5}9] A& ARESIAT

2) HE=Y &4

ARE A7 HERY Ao AEEE Folsty] Yl 3-(4,5-dimethylthiazole-2-y1)-2,5-di-
phenyl- tetrazolium bromide(MTT, Sigma-Aldrich, USA) T+ B'HE o83l &=4st3Lt.
RAW 264.7 BIAAIZE 96 well platesol]l 3x10° cells/welld] HE2 23 F 37T, 5% CO;,
Z291A] incubatorE &3l 24417t 52t BiFsIGitt. A7t Bige] S04 &Rl & HiXE AA
St & F&84 DMEM HjxE o]&3] EFM2 samplee 5=, 2, 5, 7, 10, 12, 15, 17, € 20
pg/mL)9] HEZ A|Eo] AEsked 37T, CO, incubatorollA] 24A|7F 59t HioFsI3itt. o]F plate
of sampleg AAT & MTT €45 mg/ml) 20 pLe PBS(Gibco, USA) 180 pLE 96
well-plateo] o] 4417t 59t 37C, CO, incubatorol4] BFSAJZTE o]& A A|ASH &
/3% formazand DMSO 200 pLg 25 ¥ &5lA1A 540 nmollA microplate readerg ©J-&
o FEE St 2R U2 T8 2 v Ao didste] Alze] BEES ALl
omn o]% At H7F HRRO sample?] F=E A5k

A (%) _ A= A 29 3BE 100
(cell viability) 229 g%

3) NO(Nitric oxide) %Hls &8

NO 473 A5~ NO detection kit(iNtRON biotechnology, Korea)g AH&-st] At 7t
9g-0-9] NO JAIsS S5t RAW 264.7 cell& DMEM(1% penicillin, 10% FBS) viA| S
]85 24 well-plateolA] AlZ%E 1x10° cells/wello] =2 BF319ch 1 3 24A17F B9t
37€, 5% CO; incubator(HERAcell 150, Thermo Electron, USA)elIA] BiFst3itt. ol F A5
< AAS 3 AR BEF sample 5, 10, 15 pg/ml =& F2% DMEM HjAE ©-8519] LPS
1 pg/mLet A Ag] F 24A17F B 37C, 5% CO, 27NA AuligFstaiet. viks 45 100
uLE 9L % 96well-plateol Al griess A12F 50 pL N1 buffer(substrate solution)< A715) 5%
"S- 5 griess AI9F 50 uL N2(coloring solution)E o] ¥F8-& A|Zith. Hh3o] &4 plate=
540 nmOllA] microplate readers °olgsto] FF=E ST Az W] A€ NO s&=
= Nitrite Standard9] s&¥ ¥F 343} vlwste] gk AFESIIT

4) Prostaglandin E,(PGE,) &3

PGE,+= ELISA kit(RnD system, USA)E o]-85f0] &451% . RAW 264.7 cell2 DMEM(1%
penicillin, 10% FBS) HIA|E 0|83} 24 well-plateo]A] AlE % 1x10° cells/mLE B335t &
247 B3 37T, 5% CO, 2719 incubatoroll A viFstitt. thd A5HE AAT & At
UEF samples 5, 10, 15 pg/Ml 5=E F8% DMEM HiA|E 0|85t LPS(1 pg/mL)<t &
A & 24A17F B3 37C, 5% CO;, incubatorolA] AuiFslct. o]& A|xE vjoFalS HAlEa]7]
£ ol&5to] 3,000 rpm, 5C, 1029] 27014 A4 EeE AU 34 3461 sampleE AME-
SIGATt. o] ELISA kit AzRAM] Qs AAd AdHHE o]&sto] PGE;, JAl5Z S5k
Standardi= PGE; standard®] EE IAS Al 2F 2352 PGE, concentration value

(ng/mL)Z HEFHSITE.

3. SAIEM
Al ATlo] gk BAEAL SPSS 23(SPSS Inc., USA)E o]&5la] ANOVA 4L s19jom,
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242 Tukey?] b2 AJIIAIL p<0.05 oML Wt 54 #4°]
e Aoz AT K 2AYEL 33 ol WS Aol A2 2NE Bt EEUAR
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1) AR 2710 M2 WSR2 RAW 264.7 CHAIMIZS| MIX MES H3}

At A7F AR FAT BHE RIS |0 A AR 7F ERRe AlR=AdS Ekish] 9
3 RAW 264.7 cell®] ME FZE-S MTT assay= 59l F2I5F3tE. MTTO oJst AlE &9
572 AolSl= AR vEZCdolof| Q= Eadh G4 A8 fiRo] kM9 84 713
MTT tetrazoliume] A w= H|E8A9 MTT formazan [3-(4,5-dimethylthiazol-2-
yD-2,5-diphenyltetrazoliumbromide] 22 ZHEE= JEE S4ol= HAPICR o] ToA &
FE FFEs Aot Qla, dit T AR S g wichs AR A QtH15] Cell
Viability= 80% oV3e] AIZ BE&S =4°] fk& Aol 7Hdstel dde AFsIer, ARt
A7 HERe AE &Y A= Fig. 201 UERHIT 5% 5 pg/mLollAl 20 pg/ml7Hl=
80% o1l Ml BEES Hlom, o]0 FLoA= 80% oot Al BE&2 HEiich wet
A FEE AFS Y3t sample?] FEAFL 80% oA AE AL KOl 5, 10, 15 pg/mlE
g A AES XFsi3ict

2) Akt E7H0f| M2 25 Q9| Nitric oxide(NO) A x| &M s}
RAW 264.7 tAAIZf| A LPS A= A] inducible nitric oxide sythase((NOS)7} &&=|o] &Y
71 NO= 93982 S48 23&4FS vt 424 ltH16l. ol &9l d5 +d=4

ArEEE LPSE Aol 95 ds=ol Hel 2ABIHH. NO= &Y oA dexd, 8

AT

120

100

a a
b
b
¢ d
80
d
40 ”
e
) I ' r
. B
5 0 15 20 25 30 35 40 45 S0

Concentraiton (pg/mL)

Cell viability (%)
3

Fig. 2. Cell viability of RAW 264.7 cells with different levels of EF-2001 supplementation. Concen-
tration of EF-2001 in 5-50 xg/mL. Values are mean of five replicate determination (n=5)+SD.
Different letters indicate statistically significant differences (p<0.05). EF-2001, Enterococcus
faecalis EF-2001.
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4 59 9L oHANE g B2 FFESZ EXot] A §RS doITH17]. °] 717
HF O & EF-2001 f4htS 7R EaR2] NO A A 33ks dotir| fls 4559t NO
W% S8 Ao MTT assay S92, A=A WA g2 5% 5, 10, 15 pg/mLell
LPS2 =5 3 & Griess reagents °-83l4 755l A499 NO2| 42| 23 Fig. 30l LUERH
Aot LPS A7 F+9] NO AL 93 uMelH, LPSE A E5HA] %2 control®] H-9o= 2 pM2
A FE e ol B9 LPS A= NO A4S froks 2 1T & Aot AR
UaR9] 5= NO 84879 49 LPS A+ET A4Aslon, sk o807 ik A
< 2o, 10 pg/mL¥} 15 pg/mLe] sEolAs Foxk=s 2A6HA] A9ktK(p<0.05). E3h ¥yt
I E321 normal fermented milk(NFM)2] 390l LPS A2|ET NO S AAAFHAT,
AtS 7K HER0] 10 € 15 pg/mL =BT NO 4430l &=t} Choi 51619 d-ollxi=
Enterococcus faecalis BF-2001 #7130 et sk JEF0g NO Ao giske 2AE
BHasiylet, 2 ek vlwsl HokS wf At 71t HERE AR F7IEl ot 5k 9o s
NO AAeo| ZAsH= A7kS oIgto g EF-2001 S4kt A7 &a87 NO BARRS oAlsH=
59| e AZ U,

3) Al# 7K 2 WSR2 PGEx(Prostaglandin Ey) M4 AXls B3}

PGE= 53 T49] Ao Hojot= FF Wi/iEZEE, phospholipase A20] 25 F2€
arachidonic acidE 0838 COX-13} COX-27} E9Fg3t thAME?] prostaglandin H2E A4
St o2 PGE,, prostacycline, thromboxane AZ WH2HATE COX-2 72 PGE,= WY I Al
9] E4Z FalA dF BREE dorH, Th2 Al B4 s F34 cytokine FHeoHA
Rgoke Yelo] HoH18]. ARt B8 TERE RAW 264.7 cellol 531 7, LPSZ F55Hs-S
Fegt AZolA EF mi7hEd PGEY A% Fig. 401 YEHSIth. LPSE AEstA| gk
control] H|s} LPSE A3t A58 PGE, B/d2o] 3716ttt YaR9] 4 B5F LPS A

LPS (1pg/mL)

€
c
c
d
d
" I
0 ==t
Con LPS NFM 5 10 15

Fig. 3. Effects of added EF-2001 on nitric oxide in LPS activated RAW 264.7 cells. Concentration
of added EF-2001 fermented milk is 5, 10, 15 pg/mL. Values are mean of five replicate
determination (n=5)£SD. Different letters indicate statistically significant differences (p<0.05). NFM,
normal fermentation milk; EF-2001, Enterococcus faecalis EF-2001.
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NO concentration (uM)
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LPS (1pug/mL)
20 c d
b b
18
16
?4
g2 2
s
=
=0
il
-
~ 8
6
4
2 e
-
Con LPS NFM 5 10 15

Fig. 4. Effects of added EF-2001 on prostaglandin E, production in LPS activated RAW 264.7
cells. Concentration of added EF-2001 fermented milk is 5, 10, 15 pg/mL. Values are mean of
five replicate determination (n=5)£SD. Different letters indicate statistically significant differences
(p<0.05). NFM, normal fermentation milk; EF-2001, Enterococcus faecalis EF-2001.

Hep S22 RS vERlen, ARk BaRo] 5 5 pg/mLet 10 pg/ml= o 27t §I3iA]
THp<0.05), 15 pg/mL FE] B 11.5540.44 ng/mLE E% PGE, 44301 2AAlE 27kg 29l
SEoACt. Rt AR ARl NFMO] 2o} vlars] Akt ERO] W 55} PGE, Ad2 At
A3E 9, FERO EF-20019] 71l 5= A O R PGE9| /0] ofAl=lo] 3ds At
€ Yeidle 23S LESlh

_IC_)I_OF

B A= Fnterococcus faecalis EF-2001 ARFAE Eaqol A7119S Al Yehs A2
A2 ASoHAL AAGIHE. Haf= 22 Y starterTt @2 AWPEER NFM, £ faecalis
EF-2001 ARFAIE 100 pg/mLe) &2 718t EFMI, £ faecalis EF-2001 AREAIE 500
pg/mLe L& ¥ EFM2E AR5t

E. faecalis EF-2001 AREAIE aF A71BI¥E W Uthide Id5 29 d45sP] #s)
mouse el HAAIZQ] RAW 264.7 cell:Z o]-85t3t}. RAW 264.7 cell& o83t Mla2=4 AF
9] A3k, ARt Xt woHeE AR AEEo] FolFoR 7HAete oM (p<0.05), 80% o<
Al A2EE 7= 5 5, 10, 15 pg/mLollA AE-E JdYst9irt. Nitric oxide?] B4 A
5 &84 3= LPS Aol vls] TRFolM NO A= Adfiohs A Uelllth 3, duhd
BRET ARRS 7R ERROIA NO B4= B Aldfiol= 23E UERSIH: Prostaglandin
B9 AAlE 2T 15 pg/mLe] 504 PGE, EH|3RS AAAES ERletyon, At wha
FETH Ato] 7 HEROIA HE JAES RISl

web, & A9E B9l £ faecalis EF-2001 ARFAIZE Hafol F7HEole A5 WiziEEel
NO ¥ PGE9] B/3E AAAFAOEN 3 AtAZE 71 Haf Az Aol izt 7% A+t
212 S8E & IS A0E AlgETh
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